CONVERSION TABLE AND ABBREVIATIONS
For the use of readers who prefer the metric (International System) units, the conversion factors for the inch-pound units used in this report are listed below. The hydrologic budget for the study period showed that direct precipitation on the lake and ground water were dominant sources of water entering the lake (37 and 36 percent, respectively) and that streamflow dominated the outflow. Surface runoff contributed 27 percent of the inflow-23 percent from Powers Lake inlet and 4 percent from shoreline drainage. Streamflow through Powers Lake outlet accounted for 62 percent of the outflow and evaporation accounted for 38 percent. Based on the streamflow from Powers Lake outlet, the lake's hydraulic residence time was 3.8 years.
During the study period, precipitation was 27.16 inches or 4.08 inches below long-term average. The data were adjusted or normalized to represent an average year of precipitation and runoff to help evaluate the water quality of the lake for an average year. For an average year, precipitation dominated inflow (42 percent), followed by ground water (32 percent), Powers Lake inlet (21 percent), and shoreline drainage (5 percent). Streamflow through Powers Lake outlet accounted for 61 percent of an average year's outflow budget and the remaining 39 percent was evaporation. Based on an average year's streamflow from Powers Lake outlet, the lake's hydraulic residence time was 4.2 years.
Phosphorus budgets were prepared for the study period and for an estimated normal year. The phosphorus budget for the study period showed that, of the total inputs (516 pounds), surface runoff contributed the largest amount; shoreline drainage contributed 44 percent, and Powers Lake inlet contributed 36 percent. Direct precipitation contributed 11 percent; ground water, 2 percent; and septic systems, 7 percent. Of the total outputs, 83 pounds (16 percent) was lost from the lake via the outlet; 433 pounds (84 percent) was lost to the sediments as the phosphorus that was attached to particles settled to the lake bottom. An estimated phosphorus budget for a normal year showed that of the total inputs (744 pounds), surface runoff contributed the largest amount; Powers Lake inlet contributed 45 percent and shoreline drainage contributed 35 percent. Precipitation contributed 9 percent; ground water, 1 percent; and septic systems, 10 percent.
The health of the lake was evaluated using Carlson's Trophic State Index and Vollenweider's model. Carlson's Trophic State Index showed that Powers Lake was moderately enriched and in the mesotrophic range. Comparison of guidelines from Vollenweider's model showed that the total phosphorus input for the study period and for an estimated average year would not cause eutrophic conditions.
INTRODUCTION Background
Powers Lake is located in Kenosha and Walworth Counties in southeastern Wisconsin ( fig. 1 ). It is close to large cities, Milwaukee, 40 mi (miles) to the northeast, and Chicago, 111., 50 mi to the southeast, and is used extensively for recreational purposes swimming, fishing, and boating. Despite the apparently good water quality of Powers Lake, concerns about future water quality were expressed by some of the more than 600 residents in the area. In 1985, some of these concerned individuals formed the Powers Lake Management District under chapter 33 of the Wisconsin Statutes. Under this Statute, such a district can be formed (Wisconsin Statutes, Chapter 33.21 ) and taxes levied to manage the lake (Wisconsin Statutes, Chapter 33.30(3)(c)). The Lake District Board of Commissioners felt a water-quality study of the lake was necessary to provide background information to manage the lake. A prestudy of Powers Lake was done in 1986 by the U.S. Geological Survey, in cooperation with the Powers Lake Management District. The prestudy consisted of sampling the lake in early March, April, June, July, and August 1986 for depth profiles of dissolved oxygen, water temperature, pH, and specific conductance. During open water, water transparency, phosphorus and chlorophyll a concentrations were also determined. The data from this monitoring formed the basis of the study-year monitoring plan.
Purpose and Scope
This report summarizes the results of the intensive monitoring program of Powers Lake and its drainage basin from October 16,1986 , through October 15,1987 , and provides an evaluation and interpretation of the data for use by local and State agencies for developing lake-and land-management alternatives for preserving and protecting the water quality of Powers Lake. Because prestudy data suggested that phosphorus was the nutrient limiting algal growth, phosphorus was the major emphasis of this study.
The primary objectives of the study were to determine the phosphorus loads into the lake from surface water, septic systems, ground water, and precipitation. The in-lake objectives were to: (1) determine the chemical and physical characteristics of the lake water, (2) identify the summer phytoplankton and zooplankton present, and (3) determine the phosphorus discharges from the lake from surface and ground water. Waterquality monitoring of Powers Lake continued in 1988 at a much-reduced schedule from that described in this report.
PHYSICAL SETTING Lake Basin and Shoreline Characteristics
The basin has moderate relief with gently undulating plains and is part of the Fox River (Illinois) system. Powers Lake is in the headwaters of the East Branch of the Nippersink River, which flows south through Tombeau Lake from the outlet of Powers Lake, then southwest where it joins the North Branch of the Nippersink River, and eventually to the Fox River.
The characteristics of Powers Lake and its drainage basin are shown in table 1. The major surface-water inflow to the lake is from an unnamed tributary, referred to in this report as Powers Lake inlet, at the northeastern end of the lake (fig. 1) ; this basin has a drainage area of 1.83 mr (square miles). The tributary basin includes two small depressions (0.12 mi2) that do not contribute to surface runoff, and a 0.5 mi2 wetland in the central part.
The bridge at the inlet is a small concrete box culvert that narrows down to a 32-in. (inch) circular culvert. This culvert, if unchecked, frequently collects logs and debris that plug the culvert, reduce the flow during high flows, and raise the water upstream.
The shoreline of Powers Lake is densely populated and is occupied by 300 dwellings (Thomas Perkins, Kenosha County Sanitation, oral commun., 1988) within 300 ft (feet) of the shoreline. The shoreline area is not included in the tributary drainage to the lake. The direct (shoreline) drainage to the lake of this urbanized area is 0.88 mi . Twenty percent of this area consists of undrained depressions that do not contribute to overland runoff. The outlet of Powers Lake is a small concrete box culvert. There is no method of controlling lake stage. Prior to the study, the channel downstream of the outlet was occupied by beavers that caused water to back up through the culvert, thereby causing the lake stages to be higher than normal. Both the inlet and outlet were unobstructed during the study period.
Watershed Characteristics Geology
Powers Lake was formed as an ice-block depression in a terminal moraine of the Lake Michigan Glacier during the late Wisconsin glaciation (Alden, 1918 ) that ended about 10,000 years ago. Consolidated rocks of Precambrian, Cambrian, Ordovician, and Silurian ages underlie the area (Borman, 1976; Hutchinson, 1970) . Unconsolidated Quaternary glacial deposits of outwash, ice-contact materials, and till overlie the consolidated deposits. Organic deposits formed during and after glaciation overlie these glacial deposits in part of the Powers Lake inlet basin.
Soils
Soils of the Powers Lake basin are described by Link and Demo (1970) in Kenosha County and by Haszel (1971) in Walworth County. The uplands are well-drained day loams, silty clay loams, and gravely loams overlying sand and gravel. Dominant soils of the uplands are the Fox, Casco, and Rodman Series. Other minor upland soils at the eastern edge of the basin are the Warsaw, Piano, and St. Charles Series, which are also welldrained loam to silty clay loams overlying sand and gravel. In the low-lying areas, which are predominantly in the wetlands ( fig. 1 ) of the Powers Lake inlet basin, very poorly drained organic soils are present. The dominant soils in these wetlands is Houghton muck.
DATA COLLECTION AND METHODS OF ANALYSIS
Water-quality samples from Powers Lake and its tributaries were analyzed by either of two laboratories. Chemical analyses of water samples at Powers Lake inlet were performed by the U.S. Geological Survey National Water Quality Laboratory using standard analytical methods described by Fishman and Friedman (1985) . Lake and well-water analyses were performed by the Wisconsin State Laboratory of Hygiene using standard analytical methods described by the Wisconsin State Laboratory of Hygiene (1980) . Analyses for dissolved constituents were performed on samples that were filtered in the field through a 0.45-jim (micrometer) filter. Analyses for total or total recoverable constituents were performed on unfiltered water samples. Preservation and shipment of samples followed standard protocols established by the appropriate laboratory. All water-quality analyses are published in the U.S. Geological Survey annual data publication (U.S. Geological Survey, 1988).
Streams
Water inflow to and outflow from the lake were computed from stage and discharge measured at two locations ( fig. l) ~Powers Lake inlet and Powers Lake outlet. Stages at the inlet were recorded continuously and stages at the outlet, which served as a lake-stage record for the lake, were read daily by a local observer.
Water samples for analysis of total phosphorus were collected at the inlet by U.S. Geological Survey personnel on a monthly interval, and by a local observer during storms. Total phosphorus samples from the lake surface were assumed to represent the phosphorus concentration in water leaving the lake via the outlet, and were used to supplement samples collected at the outlet. Concentrations in concurrent samples from the outlet and from surface samples collected at the center of the lake were similar. Flow-integrated samples were collected at the inlet and outlet using the equal-width increment method described by Guy and Norman (1970) . Phosphorus loads at each monitoring station were computed using the integration method described by Porterfield (1972) .
Ground Water
Seven shallow wells (minipiezometers) were installed and well-water levels were measured quarterly to determine the ground-water discharge into or out of the lake. Water-quality samples were also collected quarterly from selected wells to determine the phosphorus load into the lake from ground water. The minipiezometers were installed approximately 10 ft from the shoreline and were driven into the lake bed an average depth of 3 ft. The installation and description of these small wells are described by Lee and Cherry (1978) .
Precipitation and Evaporation
Precipitation quantity was monitored at three sites ( fig. 1 ) during nonfreezing weather. Records from the National Weather Service station at Burlington, (U.S. Department of Commerce, 1986 and 1987) 10 mi to the north, were used when these stations were not operating. Because phosphorus concentrations in precipitation are low, no measurements of the phosphorus content of the precipitation were made. Instead, phosphorus concentrations were estimated on the basis of 1984-85 bulk precipitation data collected at Delavan Lake, 15 mi east of Powers Lake (Field and Duerk, 1988) .
Evaporation from the lake's surface was estimated using daily readings during nonfreezing periods from an evaporation pan located in the southeastern part of the basin. During freezing periods or periods when no data at Powers Lake were available, estimates were made using a linear regression of Powers Lake monthly evaporation-pan data, evaporation-pan data from Arlington, Wis., 65 mi northwest of Powers Lake (U.S. Department of Commerce, 1986 and 1987) , or by a mass-transfer method for ice cover described by Dunne and Leopold (1978) .
Lake Sampling

Chemical and Physical Characteristics
One site was sampled in the center of the lake at a depth of about 34 ft. Water-quality samples were collected with an Alpha-type or Kemmerer sampler1 , once a month in October, January, February, and April through September. Discrete samples were collected 1.5 ft below the water surface and 1.5 ft above the lakebed.
Depth profiles of water temperature, dissolved oxygen, and pH were determined using the sampling frequency described above using an Ocean Data Equipment Corporation meter. The meter was calibrated using known standards for pH and conductance and a Winkler titration for dissolved oxygen prior to lake sampling.
Plankton
Samples for phytoplankton and zooplankton were collected monthly in June, July, and August. Samples for phytoplankton were collected from the upper 3 ft of the lake using a Kemmerer sampler and were preserved with a 5-percent formalin solution. Samples for zooplankton were collected by vertically towing a Wisconsin Plankton net, mesh size 153 p.m, through the oxygenated zone; only a single haul per site was used. These samples were preserved with an equal volume of 70-percent ethanol solution. Phytoplankton and zooplankton samples were analyzed by Chadwick and Associates, 5721 South Spotswood Street, Littleton, CO 80120.
HYDROLOGY Precipitation
Precipitation for the study period was 27.16 in. The monthly totals are shown below. The precipitation for the study period was 4.08 in. less than Burlington's long-term (1951-80) 
Evaporation
Evaporation from the lake surface during the study period was calculated as 31.8 in. on the basis of evaporation-pan data and the mass-transfer method (Dunne and Leopold, 1978) . This is 1.2 in. greater than the 30-inch long-term average annual evaporation reported for the area (Linsley and Franzini, 1964) . Monthly evaporation-pan readings obtained by an observer at Powers Lake and evaporation-pan data at the National Weather Service station at Arlington, Wis., 65 mi northwest of Powers Lake, are shown in table 2. An annual pan coefficient of 0.77 was used to determine the evaporation from the lake surface (National Oceanic and Atmospheric Administration, 1982) . The coefficient of 0.77 was determined by the National Oceanic and Atmospheric Administration for May through October. This coefficient was also applied to the April data for Powers Lake.
Streamfiow
Summaries of the streamflow characteristics for the Powers Lake basin, Fox River, and Turtle Creek gaging stations are shown in table 3. Daily discharge data for these stations are published in the U.S. Geological Survey annual data publication (U.S. Geological Survey, 1988). Daily discharge hydrographs for Powers Lake inlet and outlet are shown in figure 2.
Both the Turtle Creek and Fox River gaging stations are near the Powers Lake basin. The Powers Lake basin is in the headwaters of the Fox River. However, the drainage area from the Fox River is very large (868 mi ). Accordingly, the data from the Turtle Creek gaging station also are shown because Turtle Creek adjoins the Powers Lake basin and is a smaller (199 mi ) basin. No other gaging stations with long-term records are nearby. Forty-eight years of streamflow records for the Turtle Creek and the Fox River were used to evaluate the streamflow characteristics of the unnamed Powers Lake inlet tributary and the outlet. Based on these long-term data, the recorded streamflows for Turtle Creek and Fox River were about 10 percent greater than normal. This was probably caused by the ground-water contribution to the streams, which appeared to be greater than normal (see section "Ground Water") even though the precipitation was 4 in. (13 percent) less than normal. Administration, 1986 Administration, ,1987 , Climatological data, annual summaryWisconsin: Asheville, N.C., Nation Climatic Data Center, v. 91, 92, no. 13, 27 p. 2 Estimated using linear regression of Powers Lake monthly evaporation pan data based on method by Dunne and Leopold (1978) .
3 Estimated value. Value of Arlington reduced by 13 percent, as shown by comparison of Arlington and Powers Lake data for periods of concurrent record. Figure 2. Streamflow at Powers Lake inlet and outlet during the study period.
The maximum streamflows at the inlet and outlet were not very high. The maximum instantaneous flows for both the Turtle Creek and Fox River gaging stations during the study period were less than the mean annual flood for the 1940-86 water-year period.
It is important to note the streamflow condition prior to the study because it affected the amount of lake storage at the beginning of the study period. Intense rains in September 1986 prevented the installation of the gaging station on October 1, the start of the water year. Streamflows indicated by the gaging-station data at Fox River at Wilmot recorded an instantaneous maximum discharge of 3,810 frVs (cubic feet per second) on October 2,1986. This was comparable to a 5-year flood frequency recurrence interval. An instantaneous peak discharge of 1,410 fr/s occurred at Turtle Creek near Clinton on September 27, 1986; this was comparable to the mean annual flood.
The daily discharge hydrograph for Powers Lake inlet ( fig. 2) shows the effect of the large wetland on the basin runoff. Large amounts of evaporation and transpiration (ET) from wetlands occur during the summer months and cause streamflow at the inlet to recede rapidly. During winter, these ET effects are minimal and streamflow recedes more slowly.
Streamflow data from Powers Lake outlet show considerably more discharge, 1,970 acre-ft, than the inlet, 635 acre-ft. Discharge from these stations are shown in figure 2. The data suggests large amounts of ground water are being discharged to the lake.
The shoreline drainage runoff was estimated because the inflow gaging station does not monitor the total surface-water inflow to Powers Lake. The unmonitored area that drains directly into Powers Lake is a developed urban area, and surface runoff was calculated using the surface-runoff component from a nearby gaging station, Jackson Creek tributary 15 mi to the northwest, which also partly drains an urban area.
A hydrograph separation, using a technique described by Linsley, Kohler, and Paulhus (1975) , was made for Jackson Creek tributary. The total flow was separated into surface runoff and base flow. Surface runoff is water that flows overland and enters the stream; base flow is ground water that discharges to the stream channel. The estimated surface runoff for October 16,1986 16, , to October 15,1987 in. This runoff was used to represent the runoff from the Powers Lake shoreline drainage. The value appears reasonable compared to the following data collected at Madison, Wis., 65 mi to the northwest where only surface runoff was measured: Spring Harbor storm sewer, 4.14 in. runoff for October 15,1986 -October 15,1987 (U.S. Geological Survey, 1988 , 1989 ; Monroe Street detention pond inlet, 3.43 in. runoff for February 28 -October 15,1987 (P.E. Hughes, U.S. Geological Survey, written commun., 1988).
Ground Water
Ground water is present in unconsolidated glacial deposits approximately 100 to 150 ft thick (Hutchinson, 1970; Borman, 1976) . Depth to the water table ranges from zero near the wetlands and lakes to about 100 ft below the land surface in uplands.
Ground water moves from areas of recharge to areas of discharge. The rate at which ground water is replenished depends on the amount and intensity of precipitation, the time of year, the infiltration capacity of the soil, and the permeability of the underlying materials. The regional gradient of the ground-water table in the Powers Lake basin is from the northwest to the southeast (Hutchinson, 1970; Borman, 1976) .
The seven minipiezometers installed in the lake bed ( fig. 1 ) were used to determine the direction of ground-water movement around the lake. The relation between the altitude of the water surface in these wells and the elevation of the lake-surface is shown in figure 3 . All wells showed positive gradients, which indicate ground-water discharge (inflow) to the lake. Well numbers 1, 2, 5, and 6 showed the greatest gradient, whereas well numbers 3,4, and 7 showed the smallest gradient. Figure 3. Relation between water levels in wells within 10 feet of Powers Lake's shoreline and the lake's water surface.
Water-level fluctuations in a well with a long-term record near the Powers Lake basin are shown in figure 4. Well Ww-9 is located about 25 mi northwest of Powers Lake and is a drilled artesian well, in dolomite 287 ft deep. Figure 4 shows that ground-water levels during the 1-year study period were above the normal for the 41-year (1947-87) long-term record.
Ground-water inflow to the lake was estimated during two periods as the residual of the hydrologicbudget equation: Gi = WS -(P + Qi) + (Qo + E), where WS = change in volume of stored water; P = volume of precipitation falling directly on the lake, in acre-feet; Qi = surface-water inflow, in acre-feet; Qo = surface-water outflow, in acre-feet; Gi = ground-water inflow, in acre-feet; and E = volume of water evaporation from the lake, in acre-feet. During the first period (January 31 -February 25, 1987) the lake was ice covered and evaporation was assumed to be zero. Recharge to the ground-water system from the lake also was considered to be zero because the shallow wells near the lake's edge showed positive gradients toward the lake. Streamflow components were determined by streamflow measurements and discharge records at the gaging station. Average ground-water inflow to the lake during this period was 1.4 ftVs. Discharge for this period may not represent that for the entire study period. However, it does serve as an indication of the magnitude of the ground-water inflow.
The second period used to estimate the ground-water inflow to the lake was October 16,1986 , through October 15, 1987 . Ground-water inflow during this period was calculated as 989 acre-ft, equivalent to a daily mean inflow of 1.4 fr/s.
It is important to recognize that each of the individual components of the hydrologic-budget equation are imprecise; therefore, the calculated ground-water inflow also is imprecise. However, the two estimates of a daily mean inflow of 1.4 ftVs agree. The residual for the study period (989 acre-ft) was used to represent the annual ground-water inflow in the hydrologic budget.
Lake Staae
Water-level fluctuations of lake stages above an assumed datum are shown in figure 3. The data are published by the U.S. Geological Survey (1988). The maximum lake stage occurred at the start of the study period, October 16, 1986, 10.55 ft, and the minimum at the end of the study period, October 15, 1987, 9.70 ft (estimated). The lake-stage change of -0.85 ft is a loss of water from the lake of 387 acre-ft.
Hydrologic Budget
The annual hydrologic budget for Powers Lake is conceptualized as follows:
Change in storage = inflow -outflow.
The budget can be rewritten as Change in storage -inflow + outflow = 0.
The various terms considered areChange in storage = WS Inflow = P + Qi + Gi Outflow = Qo + E, where WS = change in volume of stored water; P = volume of precipitation falling directly on the lake, in acre-feet; Qi = surface-water inflow, in acre-feet; Qo = surface-water outflow, in a ere-feet; Gi = ground-water inflow, in acre-feet; and E = volume of water evaporation from the lake, in acre-feet.
Therefore the hydrologic budget for Powers Lake is written as WS -P -Qi -Gi + Qo + E = 0. A water budget was calculated for the study period, October 16,1986 -October 15, 1987 , using the data collected at the monitoring network previously described. Each term in the hydrologic budget was measured or estimated. The budget is shown in table 4.
DEPTH TO WATER. IN FEET BELOW LAND SURFACE
The hydrologic budget for the study period shows that precipitation and ground water are the largest components of the inflow budget, 37 and 36 percent, respectively Streamflow composes the balance of the inflow; 23 percent of the inflow is from Powers Lake inlet and 4 percent is from shoreline (overland) drainage. Streamflow dominates the outflow in the hydrologic budget (62 percent), and evaporation composes the remainder of the loss (38 percent).
The hydrologic budget for the study period does not represent a normal year. On the basis of long-term data for Turtle Creek at Clinton and the Fox River at Wilmot, Streamflow averaged 10 percent greater than normal. Precipitation was 4.08 in. (or 13 percent) less than normal, and ground-water inflows (based on groundwater levels) were above normal.
Estimates of inflow and outflow terms of the hydrologic budget adjusted to a normal year are required for use later in this report. These inflow terms were estimated as follows: The average inflow at Powers Lake inlet was adjusted by the average long-term Streamflow ratio of the gaging stations (Turtle and Fox Rivers) to the study-period Streamflow; the average runoff from the shoreline was adjusted by the ratio of the average precipitation (31.24 in.) to the study-period precipitation (27.16 in.); the average precipitation on the lake surface was determined by use of the normal precipitation (32.24 in.); and the average ground-water inflow was determined as described below.
The above-normal Streamflow discharge indicated by the index stations at Turtle Creek and Fox River is likely caused by greater-than-normal ground-water discharge. The hydrograph of well Ww-9 ( fig. 4) indicates that above-average ground-water levels occurred during the study period. To determine the long-term average ground-water contribution to Powers Lake, ground-water discharge during the study period (989 acre-ft) was adjusted by the average long-term Streamflow ratio of these index stations to the study-period Streamflow.
The outflow terms of the hydrologic budget were also adjusted to a normal year. The average outflow at Powers Lake outlet was adjusted by the average long-term Streamflow ratio of the gaging stations (Turtle and Fox Rivers) to the study-period Streamflow. The long-term evaporation was 30 inches as reported by Linsley and Franzini (1964) . The normal-year-inflow hydrologic budget shows that precipitation and ground water were the largest components, 42 and 32 percent, respectively; this relation is similar to that for the study period. For the normal year outflow budget, streamflow from Powers Lake outlet was 61 percent and evaporation was 39 percent, and is also similar to that for the study period.
Hydraulic Residence Time
The hydraulic residence time for Powers Lake is the time period required for the full volume of the lake, 7,450 acre-ft, to be replaced by inflowing waters. This is important for determining the expected response time of the lake to changes in nutrient loadings. The smaller the lake volume and/or greater stream inflow, the shorter the residence time. The mean hydraulic residence time (North American Lake Management Society, 1988) is calculated as--, , ,.
., lake volume (acre-ft) Mean hydraulic residence time = mean outflow (acre-ft/yr) Based on the hydrologic budget of 1,970 acre-ft of streamflow from Powers Lake outlet for the study period, the calculated hydraulic residence time is 3.8 years. Based on a normal year when streamflow from Powers Lake outlet averaged 1,770 acre-ft, the hydraulic residence time is 4.2 years. In contrast, Fowler Lake in Waukesha County in 1984, which has a small volume and a large stream inflow, had a hydraulic residence time of 7 days (PE. Hughes, U.S. Geological Survey, written commun., 1988).
WATER QUALITY Physical and Chemical Characteristics of the Lake Water Column
Powers Lake water-quality analyses are published in the USGS annual data publication (U.S. Geological Survey, 1988). Water in Powers Lake is hard, with hardness of water averaging 220 mg/L (milligrams per liter) as calcium carbonate. Powers Lake stratifies in both winter and summer. Stratification affects the chemical and biological properties of Powers Lake. Water temperature is a very important characteristic, because life processes, chemical reactions, and the solubility of chemical constituents in water are temperature dependent.
Water temperature and dissolved oxygen in Powers Lake is discussed in detail, and pH and specific conductance is discussed briefly; the depth profiles of these physical and chemical characteristics are shown in figure 5.
Water Temperature
Climatic factors affect the temperature of Powers Lake. Complete mixing of the lake is restricted by thermal stratification in the summer and by ice cover in the winter. Thermal stratification of lake water is a result of differential heating, temperature-dependent variations in density, and wind-driven mixing. Water is unique among liquids because it reaches its maximum density (weight per unit volume) at about 4°C (Celsius).
As summer begins, the lake surface absorbs the sun's energy and the upper layer of water is heated. Wind action and, to some extent, internal heat transfer transmit this energy to underlying water. A density "barrier" begins to form between the warmer surface water and the underlying denser, colder water. This barrier is marked by a sharp temperature gradient known as the thermodine. The zone where the thermodine occurs is called the metalimnion. It separates the warmer, less dense, upper zone of water called the epilimnion, from the cooler, more dense, lower zone called the hypolimnion. Once stratification begins, the temperature of the hypolimnetic water changes little throughout the stratification period.
Powers Lake is only weakly thermally stratified throughout the summer (fig. 5 ). The metalimnion is not a barrier to fish migration, but it inhibits the exchange of water between the two layers and has a great effect on the chemical characteristics of, and biological activity in, the lake. The development of the thermodine begins in early summer, reaches its maximum in later summer, and disappears in the fall when air temperatures cool the surface water and wind action results in the erosion of the thermodine (fig. 5 ).
As surface water cools, it becomes denser and sinks, and mixes because of wind action, until the entire column of water is a uniform temperature. This mixing, which follows summer stratification, is known as fall turnover. When the water temperature drops below 4°C, the water again becomes less dense and "floats" near isolating the lake's liquid water from the atmosphere and preventing wind-driven mixing for 3 to 4 months. Although no ice-on/ice-off dates were recorded at Powers Lake, nearby Delavan Lake was ice covered from December 13,1986 , through March 9,1987 (K.L. MacKinnon, Delavan Lake Sanitary District, written commun., 1987 .
Winter stratification occurs as the colder (less than 4°C), less dense water and ice remain at the surface, again separated from the relatively warmer, denser water (near 4°C) near the bottom of the lake. Spring brings a reversal to the process. As the ice thaws and the upper layer of water warms, it becomes denser and begins to approach the temperature of the warmer, deeper water until the entire water column reaches the same temperature and permits wind-driven mixing. This mixing, which follows winter stratification, is referred to as spring turnover and usually occurs within weeks after the ice melts. The summer stratification begins following spring turnover. 
Dissolved Oxygen
Dissolved-oxygen is one of the most critical factors affecting a lake ecosystem, and it is essential to all aquatic organisms that require oxygen. Dissolved-oxygen depth profiles at the center of the lake are shown in figure 5 . Maximum solubility of oxygen in water is inversely related to temperature that is, oxygen solubility decreases as water temperature increases. This relation is significant because, at warmer temperatures, the metabolic rate of organisms increases, but less oxygen is available for metabolism.
In early summer, as the thermocline develops, the upper, warmer layer (epilimnion) cuts off the surface supply of dissolved oxygen to the lower, colder layer (hypolimnion). The hypolimnion thus becomes isolated from the atmosphere. Moderate populations of planktonic algae are produced because the waters of Powers Lake are moderately nutrient-rich. These organisms die, fall to the bottom of the lake, and decompose. The oxygen demand from this decaying material depletes the oxygen content of the water beginning at the lake bottom. The oxygen depletion then progresses upward but stays confined to the hypolimnion. Depletion can progress until all the oxygen is consumed (anoxia).
Oxygen depletion during summer stratification of the bottom water began in 1987 about June 1. The anoxic zone reached a maximum thickness by July 23, when depths greater than 24 ft were devoid of oxygen; this represents approximately 30 percent of the lake bottom area. Anoxia was last noted on August 27. Fall turnover likely occurred shortly after September 23, and oxygen was circulated throughout the entire lake. Oxygen was present throughout the entire water column during the winter of 1987.
These anoxic conditions are common in mesotrophic lakes, and anoxia, in varying degrees, is common in many of the mesotrophic lakes in southeastern Wisconsin. Anoxia can release phosphorus (if in large enough quantities in the lake sediments) from the bottom sediments.
PH
The pH is a measure of the hydrogen-ion concentration and is important, because it affects the solubility of many chemical constituents and is influenced by biological activity The photosynthetic and respiration processes of planktonic algae can have a considerable effect on the pH of water. These organisms produce oxygen and consume carbon dioxide as they photosynthesize during daytime; they consume oxygen and produce carbon dioxide when they respire at night. When carbon dioxide concentrations decrease, pH increases; when carbon dioxide concentrations increase, pH decreases.
The phytoplankton in Powers Lake metabolize much of the available carbon dioxide as they photosynthesize during the daytime and thereby raise the pH of the epilimnion. However, no photosynthesis occurs near the lake bottom and carbon dioxide is not metabolized, thereby lowering the pH of the hypolimnion ( fig. 5 ).
Specific Conductance
Specific conductance is an indicator of the concentration of dissolved solids in the water; as dissolved solids increase, specific conductance increases. Measured differences in specific-conductance profiles help distinguish differences in water quality (dissolved-solids concentration) with depth.
The profile measured following spring turnover on April 6, 1987, as illustrated in figure 5, shows that specific conductance was uniform at 460 ^.S/cm (microsiemens per centimeter at 25 degrees Celsius). During winter and summer thermal stratification, specific conductance increases slightly at the lake bottom due to the accumulation of dissolved constituents either from dissolution of precipitates, materials settling from the epilimnion, or release of dissolved materials, such as iron and manganese, from the bottom sediments during anoxic periods.
Phosphorus
Phosphorus, if present in high concentrations, can cause algal blooms; if present in low concentrations, plant productivity can be reduced. Phosphorus generally is the nutrient that limits productivity (Wetzel, 1983) . Nitrogen, however, often becomes the nutrient limiting algal growth when there is a great excess of phosphorus. When phosphorus and nitrogen are present in excess amounts, algal growth continues until other nutrients or light availability become the limiting growth factors.
Total-phosphorus concentrations at 1.5 to 3.5 ft below the surface of Powers Lake during the study ranged from below the detection limit of 0.005 mg/L on February 23,1987, to 0.029 mg/L on April 6,1987; the median concentration was 0.012 mg/L for 9 samples. These total-phosphorus concentrations are low, indicative of very good to good water quality (Lillie and Mason, 1983) . The phosphorus concentration of 0.029 mg/L on April 6, 1987, is only slightly greater than 0.020 mg/L, or the level where the eutrophic classification begins (G.C. Gerloff, University of Wisconsin, written commun., 1984; Wisconsin Department of Natural Resources, 1981 and . A maximum total phosphorus concentration of 0.02 mg/L has been recommended for Powers Lake by the Southeastern Wisconsin Regional Planning Commission (SEWRPC), (1979) . Powers Lake data indicate only minor problems of internal phosphorus release. Lake-bottom samples (1.5 ft above bottom) indicate little if any internal release of dissolved phosphorus from the bottom sediments. Dissolved orthophosphate-phosphorus concentration maximums were below the detection limit of 0.004 mg/L on many days.
Nitrogen
Nitrogen, like phosphorus, when in abundant supply can cause algal blooms. Not all nitrogen sources can be controlled, for example, species of blue-green algae possess heterocysts in their cell walls (Wetzel, 1983 ) that enable them to fix nitrogen from the atmosphere. Samples were not collected for nitrogen analysis except during spring turnover. Lakes with a total-nitrogen:total-phosphorus ratio larger than 15:1 are considered phosphorus limited; a ratio from 10:1 to 15:1 indicate a transition situation; and a ratio smaller than 10:1 generally indicate nitrogen limitation (Lillie and Mason, 1983) . Nitrogen:phosphorus ratios in samples collected following spring turnover for Powers Lake on April 17,1986, and April 6,1987, were 200:1 and 21:1, respectively, suggesting that phosphorus is the limiting factor for algal production.
Water Clarity
The range of depths within which photosynthetic activity occurs depends largely on light penetration, which is influenced by water clarity Secchi-disc measurements provide a measurement of water clarity. A Secchi disc is an 8-in.-diameter black-and-white patterned disc that is lowered to a depth at which it is no longer visible from the water surface. Factors that reduce water clarity are algae and zooplankton concentrations and types, water color, and turbidity. Algae is the most dominant factor in Powers Lake, and, therefore, Secchi-disc water clarity is correlated with the algal population. Secchi-disc water clarity is least during summer when algal populations are largest. A minimum Secchi-disc water clarity of 6.6 ft was measured on July 23, 1987. A maximum Secchi-disc water clarity of 19.7 ft was measured on April 6,1987.
Chlorophyll a
Chlorophyll a is the primary photosynthetic pigment of all oxygen-evolving photosynthetic organisms and is present in all algae (Wetzel, 1983) . Its concentration is, therefore, an indicator of algal biomass. Chlorophyll a concentrations are generally lowest when algal populations are lowest, usually during winter, and highest during summer when algal populations are usually highest. The data for the study period show an exception to this generalization. Chlorophyll a concentrations reached a maximum of 13.0 jig/L (micrograms per liter) on January 16,1987, suggesting an algal bloom under ice cover; a maximum open-water concentration of 6 jig/L was recorded on October 16, 1986 and August 27, 1987 . A chlorophyll a minimum concentration of less than 5 jig/L was recorded on April 6, June 18, and July 23,1987.
Plankton Algae
Algae are small, generally microscopic plants found in all lakes and are primary producers that form the base of the aquatic food chain. They convert energy and nutrients through photosynthesis into the compounds necessary to support life in the aquatic system. Oxygen, which is vital to higher forms of life in a lake, also is produced in the photosynthetic process.
Algal blooms may reach nuisance proportions in fertile or eutrophic lakes and cause surface scum or slime. High concentrations of wind-blown algae may accumulate on shorelines, where they die and decompose, causing noxious odors and unsightly conditions. The decay process consumes oxygen; decay sometimes depletes available oxygen supplies and results in fish kills. Certain species of decomposing blue-green algae release toxic materials into the water.
Total algal populations in Powers Lake are shown in table 5 for the June, July, and August samplings. Fifty-six species were found. Blue-green algae (Cyanophyta) dominate the summer algal population 88 percent in June, 98 percent in July, and 96 percent in August. Of the blue-green algae, Aphanothece saxicola dominated the June and July samplings, and the July sample was dominated by another Aphanothece genera Aphanothece nidulans. The colonies of Aphanothece often develop on lake bottoms, become loosened, float to the surface, and then are washed ashore, sometimes forming a "soupy" mass (Prescott, 1970) . Considering the moderately good water quality of Powers Lake (see 'Trophic Condition" section), it was surprising to note such a large population of blue-green algae. Blue-green algae are not ordinarily used as food by zooplankton (microscopic animals) or fish populations and may become overabundant and out of balance in the lake ecosystem.
Certain genera of blue-green algae including Microcystis, Anabaena, Aphanizomenon, Gloeotrichia, Oscillatoria, and Lyngbya are capable of producing toxins under certain conditions during algal blooms; incidents of domestic animal deaths and positive laboratory tests for toxins have been reported in Wisconsin (Repavich and others, 1987) . Powers Lake contains three of these genera Microcystis, Anabaena, and Oscillatoria, but in very low numbers. It is important to note, however, that even if a genera is present, it does not mean toxins will be produced. In Delavan Lake, for example, the lake exhibited toxirity before 1986 but not during a study in 1986 (Repavich and others, 1987).
Zooplankton
Zooplankton are microscopic animals that inhabit the same environments as phytopiankton. Zooplankton are an important link in the aquatic food chain. They feed on algae and, in turn, provide a food source for fish. During the June, July, and August samplings, 12 species of zooplankton were found in differing degrees of abundance (table 6). The rotifers dominated the July sampling; dodocerans and copepods were codominant in the June sampling; copepods dominated the August sampling. Most rotifers are nonpredatory and feed on bacteria, small algae, and particulate organic matter. Clodocerans and copepods feed on both algae and other zooplankton. The dominant species present in June and August was a copepod, Diacydops bicuspidatus ihomasi; in July the rotifer Asplanchna sp. dominated.
Phosphorus Loads
Annual phosphorus loads, yields, and precipitation for Powers Lake inlet and outlet are shown in table 7. Also shown are annual phosphorus loads, yields, and precipitation for Delavan Lake inlet, 15 mi northwest of Powers Lake, that correspond to the Powers Lake study period and for the 1984-88 water years. Delavan Lake inlet has the longest phosphorus load data available in the area for comparison. Although loads are computed and reported to the nearest pound, the loads can be in considerable error, especially where loads had to be estimated. They are, however, the author's best estimate.
Inputs Powers Lake Inlet
During the 1-year study period, the total phosphorus load at Powers Lake inlet was 186 Ib (pounds) for a basin yield of 102 Ib/mi (pounds per square mile). Because precipitation was less than normal, the phosphorus load also was likely less than normal. Phosphorus data for the Powers Lake inlet were compared with similar data for the Delavan Lake inlet. The data in table 7 show the phosphorus load at the Delavan Lake inlet during the study period for Powers Lake to be 55 percent of the 5-year average (1984-88). The Delavan Lake inlet phosphorus data are the only long-term data in the vicinity of Powers Lake. Seventy-six percent of the Delavan Lake inlet basin is agricultural land, compared to 73 percent of the Powers Lake inlet basin. The study-year yield of Powers Lake inlet (102 Ib) was adjusted by the ratio of the 5-year average Delavan Lake inlet phosphorus yield (312 Ib) to the 1987 Delavan Lake inlet phosphorus yield (172 Ib) to determine its long-term average yield (184 Ib); this resulted in a long-term average load of 337 Ib of phosphorus for Powers Lake inlet.
fy
The phosphorus yield from Powers Lake inlet (102 Ib/mi ) during the study period appears somewhat high for a basin with a large wetland; however, this yield is low compared to yields from agricultural basins that can be as high as 2,000 Ib/mi (Field, 1986) . Wetlands are considered beneficial to the water quality of a lake because they trap nutrients. A wetland in a subbasin of Delavan Lake produced an average phosphorus yield of 56 Ib/mi2 for water years 1984 and 1985 (Field and Duerk, 1988) . The elevated yields through Powers Lake inlet possibly are related, in part, to high phosphorus concentrations during low flow.
Phosphorus concentrations at low rates of inflow less than 1 ft3 /s are abnormally high. Phosphorus concentrations ranged from 0.02 to 0.34 mg/L; the median concentration was 0.11 mg/L for 26 samples (U.S. Geological Survey, 1987 and . This median is only slightly less than the median total phosphorus concentration (0.13 mg/L) for high rates of inflow flows greater than 1 ftVs. These high concentrations during low rates of inflow indicate possible phosphorus loading from point sources. The concentrations during cool seasons are much lower than those during warm seasons. The reason for these high concentrations are not apparent from the data collected during the study. Also, Perkins (Perkins, 1988) found very high fecal colifonn/fecal streptococcus counts during summer in the inlet water, which also could indicate point-source contamination.
Shoreline Drainage r\
An area of 0.88 mr of the Powers Lake shoreline is not included in the tributary drainage to the lake. Twenty percent of this area (0.18 mi2) consists of undrained depressions, but surface runoff from the remaining 0.70 mi2 flows directly to the lake.
Surface runoff and phosphorus loads from this shoreline area were not measured, so the phosphorus load to the lake was estimated based on phosphorus yields measured by Hughes (P.E. Hughes, U.S. Geological Survey written commun., 1988) for a residential area in Madison, Wisconsin, located about 65 mi northwest of Powers Lake. Hughes determined a phosphorus yield for the period February 28 -October 15, 1987, of 221 Ib/mi2; this yield was adjusted by the ratio of the precipitation for the same time period at Powers Lake (24.2 in.) to precipitation at Madison (21.7 in.) to adjust for yield difference caused by differences in precipitation amounts. This adjusted yield, 246 Ib/mi2, was multiplied by the Powers Lake shoreline drainage area (0.70 mi2) to estimate the phosphorus load to the lake during the period February 28 -October 15,1987 (172 Ib) . This load (172 Ib) was then multiplied by the ratio of the study period phosphorus load at Powers Lake inlet (186 Ib) to the February 28 to October 15, 1987, phosphorus load at Powers Lake inlet (140 Ib) to estimate the phosphorus contribution from the shoreline drainage during the study period (229 Ib). This study-period load (229 Ib) was adjusted by the ratio of the average-year precipitation (31.2 in.) to the study-year precipitation (27.2 in.) to estimate the shoreline drainage area's load for an average year (263 Ib).
If a different method of calculation is used, the phosphorus load estimated with Hughes' data appears to be low. A total phosphorus load of 459 Ib was computed by use of a numerical model of Tasker and Driver (1988) that incorporated data collected throughout the United States. The model estimates only loads for April through October and does not include an estimate for the winter period. Because the data collected by Hughes at Madison was collected, in part, at the same time as that at Powers Lake and reflects similar climatic conditions, and because Madison is relatively close to Powers Lake, the estimate of a 229-lb phosphorus yield from the shoreline area for the study period using the Hughes' data appear preferable to the estimate made using Tasker and Driver's model.
Precipitation
Total phosphorus concentrations in precipitation were not measured. To estimate this concentration, the volume-weighted mean total phosphorus concentration of bulk precipitation (0.02 mg/L) measured in Field and Duerk's (1988) study of the Delavan Lake basin for the 1984 and 1985 water years was used. Adjusting this value to the precipitation during the study period provided an estimated phosphorus load of 56 Ib. For a normal precipitation year, the estimated load was 64 Ib.
Ground Water
Phosphorus contributions to the lake from ground-water inflow were calculated using concentrations of phosphorus in samples collected from selected minipiezometers installed in shallow water at the lake's edge. These concentration data are shown below. Dissolved orthophosphate phosphorus concentrations in water samples collected from the piezometers ranged from <0.004 to 0.115 mg/L; the median concentration was 0.004 mg/L. This median concentration was used to estimate the phosphorus concentration in the ground water. The total phosphorus contribution to Powers Lake from ground water for the study period is estimated to be 11 Ib based on a water input of 989 acreft and a total phosphorus concentration of 0.004 mg/L. For a normal year, it is estimated to be 10 Ib based on a water input of 890 acre-ft and a total phosphorus concentration of 0.004 mg/L.
Septic Systems
Description of septic systems.-If working properly, septic systems remove phosphorus by adsorption to soil in the drainfield. The removal capacity increases with decreasing soil particle size, but all soils have a fixed adsorptive capacity that could eventually become exhausted (Fetter and others, 1977) .
Soil types, pattern of seasonal-usage, and distance to the water table all affect septic-system efficiency in phosphorus removal. Septic systems installed near the water table do not treat wastewater effectively before it reaches the ground water (Fetter and others, 1977; Perkins, 1988) .
Septic-tank drainfields upstream from Powers Lake inlet culvert may not function properly during high flows. The culvert, if not maintained, lodges with logs and other debris that raise water upstream. This can cause drainfields to malfunction and enhance leaching of phosphorus from these drainfields to the stream. Perkins (1988) made a septic leachate survey of Powers Lake in the summer of 1987. The septic leachate survey was conducted from a boat, equipped with a septic leachate detector, near the shoreline. Septic leachate from malfunctioning septic systems commonly is discharged through a small area of lake bottom. The septic leachate detector uses a combined fluorometer/conductance device to detect the leachate. Organic residuals of septic leachate fluoresce when correctly stimulated. Inorganics which are dominated by chloride (C1-) and sodium (Na+), provide a relative change in conductivity of water when compared to nearby unaffected water (Environmental Devices Corporation, 1978, p. 1) . Perkins detected 20 plumes of waste-water origin along the shoreline and all plumes were close to developed properties where ground water was close to the land surface ( fig. 6 ). Minipiezometers with the highest water levels (wells 1, 2, and 6), indicating sites of the largest rate of ground-water discharge to the lake, coincide with some of the septic-system plumes located by Perkins.
Other investigations have estimated water usage by owners of private septic systems as follows: Siegrist and others (1976) Phosphorus loading from septic systems. Phosphorus loads to the lake from septic systems were estimated on the basis of the following assumptions and data:
(1) Census data for Powers Lake from 1985 indicated that there were 2.5 persons per household and that 40 percent of the dwellings are occupied year-round (David Kendziorski, Southeastern Wisconsin Regional Planning Commission, oral commun., 1988) . A septic-tank study by the Fox Valley Water Quality Planning Agency (Fetter and others, 1977) has been used by SEWRPC to estimate phosphorus contributions from septic systems to lakes in southeastern Wisconsin (David Kendziorski, oral commun., 1988) . SEWRPC recommends that loads be computed for all dwellings located in areas with high-water tables; the dwellings are divided into two categories those within 200 ft of the shoreline and those greater than 200 ft. Perkins (1988) identified 93 dwellings within 200 ft of the lake's edge, and 8 dwellings greater man 200 ft from the shoreline in high ground-water areas.
(2) Persons with septic systems in areas where water tables are close to the land surface are likely to use small amounts of water to limit septic-tank problems. Phosphorus loads to septic tanks were only computed for dwellings located in high-water areas; a minimum water usage of 42 gal/d per capita was assumed (Siegrist and others, 1976) , and a concentration of 16 mg/L was assumed to be the phosphorus concentration of septic effluent. These figures yield an estimated 2.0 Ib of phosphorus per capita per year.
(3) The Southeastern Wisconsin Regional Planning Commission, in studies of lakes in southeastern Wisconsin, estimated that 15 to 30 percent of the phosphorus load to a septic-tank reaches the lake (Dave Kendziorski, oral commun., 1988) .
With the above assumptions, phosphorus loads to septic tanks of residences within 200 ft of the shoreline can be calculated as follows: Phosphorus loads from septic tanks = (number of persons/house = 2.5) x (number of permanent and seasonal homes = 65) x (pounds of phosphorus/person/year = 2.1) x (soil retention factor 70 percent, minimum; 80 percent, probable; 90 percent, maximum). Performing the above calculation gives the following phosphorus loads (in pounds) from septic systems to the lake: minimum, 34; moderate, 68; maximum, 102.
! A seasonal home is assumed to be occupied 50 percent of the time; it is equivalent to half of a permanent home. Ground-water observation well and number Figure 6 . Areas bordering Powers Lake where depth to ground water is less than 5 feet, and locations of septic-system plumes (Modified from Perkins, 1987, figure 1 ).
The phosphorus loadings for the 8 permanent and seasonal homes greater than 200 ft from the lake in high water table areas were less than for those homes close to the lake because of the long flow paths from the septic system to the lake. With this and the previously described assumptions, the data are applied to the following formula for those residences greater than 200 ft from the shoreline: Phosphorus loads from septic tanks = (number of persons/house = 2.5) x (number of permanent and seasonal homes2 = 6) x (pounds of phosphorus/person/year = 2.1) x (soil retention factor: 90 percent, minimum; 95 percent, probable; 100 percent, maximum). Performing the above calculation gives the following phosphorus loads (in pounds) from septic systems to the lake: minimum, 0; moderate, 2; maximum, 3.
A minimum contribution was considered to represent the study-year load and the moderate contribution was considered to represent a normal-year load.
Outputs
The total phosphorus load that left the lake through the outlet during the study period was 83 Ib. No recharge of ground water from the lake occurred, so no phosphorus left the lake by entering ground water. The difference (433 Ib), between the outlet total phosphorus load (83 Ib) and total input phosphorus load (516 Ib), adsorbed to sediments in the lake.
Phosphorus Budget
Phosphorus budgets for the study period and a normal year are shown in table 8. The phosphorus budget for the study period shows that of the total input (516 Ib), shoreline drainage contributed the largest amount (44 percent) followed by Powers Lake inlet (36 percent), direct precipitation (11 percent), septic systems (7 percent), and ground water (2 percent). Of the total outputs, 83 Ib (16 percent) was lost from the lake in outflow and 433 Ib (84 percent) was adsorbed on sediments. A phosphorus budget estimated for a normal year indicates that of the total input (744 Ib), Powers Lake inlet contributed the largest amount (45 percent), followed by shoreline drainage (35 percent), septic systems (10 percent), precipitation (9 percent), and ground water (1 percent). No estimate was made of phosphorus loss from the lake during a normal year, because these data were not required to evaluate the lake's health. 
Assessment of Hydroloaic and Phosphorus Input Budget
Reckov/s model (1980) was used to evaluate the hydrologic and phosphorus input budget for a normal year. Rechow's model determines a lake's average phosphorus concentration on the basis of the total-hydrologic and phosphorus input budget, and is given as T P = 11.6 +1.2 qs '
where P = lake's average total-phosphorus concentration, in milligrams per liter; L = total-phosphorus loading, in grams per square meter per year; and qs = areal-water loading, in meters per year. The areal-water loading is determined by dividing the normal-year total inflow (3.46 x 106 m3) by the lake surface area (1.84 x 106 m2).
With a normal-year, areal-water loading of 1.88 m and total-phosphorus input of 744 Ib, solving for the above equation yields an average in-lake phosphorus concentration of 0.013 mg/L for Powers Lake. Spring turnover concentrations (average-lake top and bottom concentration) for Powers Lake were 0.009 mg/L on April 17, 1986; 0.015 mg/L on April 6, 1987; and 0.010 mg/L on April 13, 1988. The normal-year water and phosphorus loading-budget values appear reasonable, compared to measured in-lake spring total-phosphorus concentrations.
Trophic Condition
A lake's trophic state indicates the degree of nutrient enrichment. The trophic status of Powers Lake was evaluated by the application of two commonly used methods Carlson's Trophic State Index (TSI) and the Vollenweider model. Carlson's TSI evaluates the in-lake conditions and Vollenweider's model evaluates the phosphorus loading to a lake.
Carlson's Trophic-State Index
The in-lake trophic condition can be evaluated by using Carlson's TSI (Carlson, 1977) . The TSI is computed on the basis of total phosphorus and chlorophyll a concentrations, and Secchi-disc transparency readings for lake ice-free periods. Carlson developed equations for all three parameters, but the Wisconsin Department of Natural Resources (DNR) modified those for chlorophyll a and total phosphorus for Wisconsin lakes (Ronald Martin, Wisconsin Department of Natural Resources, oral commun., 1985). Carlson's TSI ranged from 0 for nonproductive lakes to 100 for very productive lakes. Carlson, however, did not label ranges of his index in terms of traditional trophic-state terminology. The DNR has adopted TSI ranges to classify Wisconsin lakes; they use TSI's of less than 40 to define oligotrophic conditions, 40 to 50 to define mesotrophic conditions, and greater than 50 to define eutrophic conditions in evaluating the trophic status (Wisconsin Department of Natural Resources, 1981 and . G.C. Gerloff (University of Wisconsin, written commun., 1984) also uses these ranges. These ranges are used in this report to remain consistent with other Wisconsin lake trophic-state evaluations by the DNR.
These three categories encompass a wide range of lake water-quality conditions. The waters of oligotrophic lakes are clear, algal populations are low, and the deepest layers are likely to contain oxygen throughout the year. Mesotrophic lakes have a moderate supply of nutrients and experience moderate algal blooms and occasional oxygen depletions. Eutrophic lakes are nutrient-rich lakes that experience many waterquality problems, such as seasonal algal blooms and oxygen depletion in parts of the lakes. Eutrophic conditions can kill fish if severe oxygen depletions occur.
The following equations were used to calculate the TSI values for Powers Lake: The calculated TSI's for Powers Lake ( fig. 7) are generally in the range of mesotrophic lakes. Only the lake ice-free periods are plotted.
Vollenweider's Model
Total-phosphorus loads to Powers Lake can be evaluated by use of Vollenweider's model (1971 Vollenweider's model ( , 1975 which predicts critical levels of total-phosphorus loading to lakes. The total-phosphorus loading to Powers Lake for the study period using Vollenweider's model is shown in figure 8.
Vollenweider's "dangerous" rate is the rate at which the receiving waters would become eutrophic or remain eutrophic. Vollenweider's model for evaluating total-phosphorus loading to a lake is based on mean lake depth/hydraulic residence time and phosphorus loading per unit of lake-surface area. On the basis of the external load of total phosphorus of 516 Ib during the study period, a phosphorus loading rate of 0.0000261 (Ib/ft^/yr (pounds per square foot per year) [0.127 (g/m2)/yr (grams per square meter per year)] was calculated. For an estimated normal-year, total-phosphorus load of 744 Ib, a phosphorus loading rate of 0.0000376 (Ib/frVyr [0.184 (g/m2)/yr] was calculated. Total-phosphorus external loading for both conditions is less than Vollenweider's dangerous classification. Vollenweider's classification does not consider internal loading, which appears to be minimal in Powers Lake. 
SUMMARY AND CONCLUSIONS
A 1-year hydrologic and water-quality investigation of Powers Lake was conducted from October 16, 1986 , through October 15, 1987 . A hydrologic budget was prepared for the study period. Precipitation on the lake surface was 27.16 in. (4.08 in. less than the long-term average) and accounted for 37 percent of the inflow. Ground water was the second largest component of the inflow, 36 percent. Surface runoff contributed 27 percent Powers Lake inlet contributed 23 percent and shoreline drainage, 4 percent. Most of the loss in the hydrologic budget occurred through Powers Lake outlet; it accounted for 62 percent of the total losses. Evaporation comprised the remaining 38 percent. Based on streamflow through Powers Lake outlet, the lake's hydraulic residence time was 3.8 years.
The hydrologic budget for the study period, in which precipitation and ground-water inflow predominated, showed that the year was not representative of a normal year. A hydrologic-inflow budget was estimated for a normal year for Powers Lake. Precipitation, the largest component, was 42 percent of the budget, ground water was 32 percent, Powers Lake inlet was 21 percent, and overland runoff from shoreline drainage was 5 percent. Streamflow through Powers Lake outlet accounted for 61 percent of the normal-year outflow budget, and the remaining 39 percent was lost by evaporation. Based on a normal year streamflow from Powers Lake outlet, the lake's hydraulic residence time was 4.2 years.
Carlson's TSI calculation indicates that the trophic state of Powers Lake is in the mesotrophic range. The external loadings of phosphorus for the study period and a normal year were assessed by means of Vollenweider's model using the calculated hydraulic residence time of 3.8 years for the study period and 4.2 years for a normal year; this model indicated that phosphorus loadings for both scenarios were less than dangerous.
The phosphorus budget for Powers Lake for the study year was calculated. The total phosphorus input from all external sources for the study period was 516 Ib. The dominant contribution came from runoff: 44 percent came from shoreline drainage and 36 percent came from Powers Lake inlet. Precipitation contributed 11 percent, ground water contributed 2 percent, and septic systems contributed 7 percent.
For a normal year, the total phosphorus input from all external sources was estimated to be 744 Ib. Again, the dominant contribution came from surface water runoff: 45 percent came from Powers Lake inlet and 35 percent came from shoreline drainage. Precipitation contributed 9 percent, ground water contributed 1 percent, and septic systems contributed 10 percent.
Phosphorus concentrations at Powers Lake inlet for low flows in summer are higher than during winter. The reasons for these high concentrations are not apparent from the data collected during the study.
During summer thermal stratification, the bottom waters of the lake become anoxic. Anoxia began about June 1,1987, and reached a maximum on July 23,1987, when depths greater than 24 ft were anoxic. Anoxia was last noted on August 27,1987. During these anoxic periods, very little phosphorus appears to be released from the bottom sediments; this suggests that internal loading of phosphorus does not appear to be a problem at this time.
Fifty-six species of algae were found during the sampling months of June, July, and August. Undesirable blue-green algae (Cyanophyta) dominate these summer months, 88 percent in June, 98 percent in July, and 96 percent in August.
Twelve species of zooplankton were found in various degrees of abundance during the same sampling periods as for algae. The rotifers dominated the July sampling, cladocerans and copepods were codominant in the June sampling, and copepods dominated the August sampling.
Powers Lake is a mesotrophic lake; phosphorus loadings will not cause eutrophic conditions. The following factors are important to note:
1. The drainage basin upstream from Powers Lake inlet contains a large wetland. This wetland controls runoff and reduces phosphorus loadings to the lake.
2. Runoff at Powers Lake inlet is controlled by a small culvert opening. If not maintained, this culvert lodges with logs and other debris that raise water levels upstream. This can cause septic-tank drainfields upstream from the inlet culvert to malfunction and enhance leaching of phosphorus from these drainfields to the stream.
3. An in-lake water-quality-monitoring program, such as that conducted during the prestudy, can provide important information about water-quality changes that occur over time.
